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(54) SYNTHESIZING METHOD FOR DIAMOND 

(57)Abstract: 

PUIIPOSE; To pro\ ide ii .s\nihesizing melhod for a high quaht\' diamond free from non-diamond component such as graphite, 
diarhond-hke carbon, etc. 

CONSTITUTION: Alter treating a base plate with plasma of a compd. containing carbon or mixture of a compd. containing 
carbon and hvdrogen while impressing biased negati\"e \ ollage to the base plaie, a diamond is foniied on the base phue bv \ npor 
deposition method b\" using a gas whose ratio of oxygen atom/' carbon atom is &ge:0.3 or the mixture of the gas and h\"drogen as 
raw materiaf 
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DETAILI-I) Di;>iCRiPTiON 

fDeiniled Descnpnon of the In\ention| 
(000 II 

[Field oflhe Invention] Qualilv when this ]n^■entIOn is said snll in detail about the svnthesis method ofn diamond, tliere are lew 
unnecessan' impurities, such as graphite and DIG (diamond-iike carbonaceous), on a substrate And the diamond hiver fiNcd f a 
quality's ] can be IbiTned eHlciently. A manufacture of an electron, electric materials, etc., such as highlv efficient diamond 
cov ering members (for example, diamond tools, wear-re.sistant members, etc., such ns a cutting tool and an abrasi\ e tools) and a 
diamond semiconductor device ofa high propcrtv Or it is related with the .v.nthesis method ol'lhe suitable diamond for the 
mnnutactiire field of \ariotis kinds of diamond use material or products, such as a manulaeture ofthe qualitv diamtmd | itseli' | 
[0002] 

[Description ofthe Prior Art] Since a degi-ee of hardness and abrasion resistance are high, the diamond is used abundantly ns 
objects for tools, such as cutting and polishing, etc. Moreo\ er, since it has the properi\ w hich w as excellent also in the electrical 
properu-, promising is earned out also as a material ofa .semiconductor de\ice etc. In order to conespond to such intended use 
industrially, it is nccessan' to use a synthetic diamond, without being dependent on an expensn e natural diamond, thei efore the 
development ofthe technique which mass-produclion-izes a quality diamond while maintaining a fi.xed qualilv is demanded 
slronglv. 

[0003] Thus, m recent vears, the inclmation to use a synthetic diamond is increasing, ii doubles with this, and a dev elopment and 
improvement ofa diamond ofa synthesis method have become increasingly important. 1:13 for putting m practical use the 
diamond cov ering member which the research of the technique made to fonn as a thin film bv vapor phase synthetic methods, 
such as C VD, is brisklv peilbiTned on various kinds of substrates, and obtained the diamond bv this vapor phase .synthetic method 
especiallv as a cutting tool, an abrasive tools, a sliding member, or a semiconductor device is advanced. According to this vapor 
phase synthetic method a reduction and.mass-production-izmg ofa manufacturing cost are expectable. 

[0004] However, usually, carbonaceous components other than a diamond called graphite and DLC (diamond-like carbonaceous) 
are contained in many cases, therefore a quality^ deteriorates or there is a trouble of not becoming fixed in the diamond laver 
obtained bv the vapor phase synthetic method. Moreover, the device for making fonnation ofa diamond laver easv, lor raising a 
productivitv is required. In a com^entional method, as show-n below, ii has fully come to solve these points. 
[0005] That is, since a diamond layer cannot be foimed with sufficient adhesion in Ibmiing a diamond layer by the vapor phase 
synthetic method on a substrate if it remains as it is to a substrate, it is common to fom^ a diamond layer, making the initial 
nucleus of a diamond generate on a substrate, and using [ damage and process using mechanical technique, for example, a 
diamond abrasive grain etc., ] this as a growing point, however, the technique depending on such surlace-crack attacliment 
processing has the in addition inadequate generation luminous efficacv ofa diamond -- etc. for the ground, as a industrial 
producing method, it is dissatisfied, and there is a problem are hard to maintain the qualitv also with the fixed product obtained 
[0006] As technique of improving this, negative bias voltage is impressed to a substrate, a plasma treatment is cairied out using 
the mixed gas ofthe methane containing high-concenlrntion methane, and hydrogen, and the method of making n diamond nucleus 
generate with high densit>- is proposed [Appl.Phis.Lett., 58 (10), 1036-1038 (1991)]. However, in this conventional method, 
since the svnthetic conditions ofa diamond are not the optimum, the qualirv* diamond layer is not obtained. 
[0007] 

[Problem(s) to be Solved bv the Invention] this invention is made in order to improv e the aforementioned situation, lifficient 
moreover the puipose of this invention can make the qualit\' diamond laver with few unnoccssaiT impurilies, such as graphite and 
DLC (diamond-like carbonaceous), fomi with sufficient adhesion on the Iieki of various kinds of substrates, and is to olfer the 
practically remarkable svnthesis method of an advantageous diamond which has the advantage of being able to mass-produce 
easilv a highlv el}icienl diamond co\ ering member or the quality diamond v\ ith little dispersion m a tjuality. 
[0008] 

[Means for Soh ing the Problem] As a result of repeating a research zealouslv that the aforementioned trouble should be solved, 
where negative bias voltage is impressed to a substrate, this invention person Carbon inclusion compounds, such as methane Or it 
processes with the plasma ofthe mixed gas which consists of this carbon inclusion compound and hydrogen. Il"a diamond layei- is 
formed by the vapor phase s\'nthetic method on this substrate, using as material gas the gas or this gas which is beyond the 
specific value that has an ox-)gen component to a carbon component comparativelv (atomic-ratio;0/C), and the mixed gas ofthe 
specific composition of hvdrogen after making a sub.strate generate a diamond nucleus with high densit\' it found out that the 
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qualiiv JiiimonJ hivcr (lh;ii is. qualiiv jKimonJ » wiih (liom was obiained efricienilx . | lew / non-diamond components, such as 
graphite and DLC (diamond-like carbonacoousy are remarkable, and | Moreover, bv there beinu also no dispersion m a 
and obtaining what the qualiiv frxed. mass-production-izinu is easv for ihis lechnKiiie. ;ind n lumsvuii ihat ii is the manulacmre 
lecluiique ofa remarkable ad\ aniai:eons diamond and a diamond pnHiiici indusiriallv 

[0009] This mvenlion persons mainlv came lo complete this invention based on the abo\ e-mentioned knowledge. Thai is, after 
this invention impres.ses negatiw bias \ oltage to a substrate and processes it with the plasma of the mixed gas of a carbon 
inclusion compound or a carbon inctu.sion compound, and hydrogen, it is the svnihests method of the diamond characteri/ed bv 
making a diamond lover fonn in this substrate bv the gaseous-phase method which uses as a raw material mixture of the gas or 
this gas bv which the ratio (atomic ratio) i>f an oxvgen atom / carbon atom has 0..1 or more composition, and hvdrogen gas. 
|()())()| hi the technique ol'ihis inwnlion. as quaHt\ of the maicnal of the albremeniioncd substrate, there is especiallv no hmii, 
can choose suitablv what is regularlv used for lormaiion of' the diamond laver b\ \\w weii-knoun \ apt)r phase svnthetic method, 
and various kinds ofthiuiis ^br example, various kinds of metals, an allov. cemented c.irbides, semiconductors, a ceramics, glass, 
etc.), and can use them. When some examples arc sliown. ihev are WC svstem cemented carbides, such as a WC-Co s\ stem. TiN. 
and Si3 N4, for example. Various things, such as semimetals and semiconductors, such as oxides, such as carbide svstem 
cernmicss, such as a nitride svstem ceramics of a grade, and SiC. TiC. aluminas, and ghiss. and silicon, can be mentioned, 
[001 1 J Jn the technique of this invention, belore perlbmiing this svnthesis ofa diamond or a diamond laver, it is important lor ihe 
aforementioned substrate to perfoiTn specific pretreannent (for this specific prelreaimeni to be hereafter called a negative bias 
impression plasma treatment or plasma treatment), i.e . the plasma treatment using the mixed gas ofa carbon inclusion compound 
or a carbon inclusion compound, and hvdrogen at least 

[00 1 2] If it IS gas which is independent about a carbon inclusion compound at least, or contains carbon inclusion gas and 
hvdrogen gas as the aforementioned mixed gas used for this negative bias impression plasma treatment, the thing regularly u.sed as 
general diamond svmthesis gas or an usable thing can be used. 

[0013] As this carbon inclusion compound, they are various hydrocarbons (specilicallv). Alkanes, such as methane, ethane, a 
propane, butane, a pentane, and a hexane Alkenes. such as ethylene, a propvlene. a butene. and a pentene, benzene, A v ariety- ol 
hydrocarbons, such as cycloalkanes, such as aromatic hydrocarbons, such as toluene, a c\clopentane, and a c\clohexane, and 
ox-\genated hydrocarbons (specificailv) Alcohols, such as a methanol, ethanoi, propanol. ethylene glycol, and benzvl alcohol. 
Ketones, such as an acetone, a methvl ethvl ketone, a cyclohexanone, and an acetophenone a \ arietv of oxvgen mckision 
hx drocarbons, such as ether, such as carbox\ lie acids, such as an acetic acid and a propionic acid, a wood ether, dieth\ lether, and 
a telrahvdrofuran, and CO and C02 etc. - \ arious carbon inclusion compounds can be mentioned !n addition, methane, a 
methanol, an acetone, CO, etc. can be especially illustrated as a desirable thing also in these. In addition, these may be used by 
kind independent, and may carr)-- out and use together mixmg two or more sons etc. 

[0014] As the technique of the aforementioned plasma treatment which plasma-izes the mixed gas of the aforementioned carbon 
inclusion compound or a carbon inclusion compound, and hvdrogen, there is especially no limit and the plasma-treatment method 
by various kinds of technique, such as a plasma-ized method used for the vapor phase S)^nthetic method ofa common diamond or 
a diamond layer, can applv it. Specifically, there are a microwave plasma C VD method, a RF plasma CVD method, a heat 
filament method, the efficient consumer response method, etc., and they can be, and the.se combination methods etc. can be 
mentioned. Also in these, the plasma-lreaimeni method bv the microwave plasma CVD method etc. is adopted especially suitablv. 

[0015] Conditions as usual can perfonn as a reaction condition of this plasma treatment, and, specifically, the pressure of the 
s)'Stem of reaction can be suitablv performed by selecting suitably the domain of 10-3 - 103 Ton\ and substrate temperature in the 
domain of room temperature - K 1 00 degree C. 

[0016] A DC bias is made to become the domain which is -300-5 V as negative bias \ oil age impressed to the aforementioned 
substrate, for example. Moreover, the method which impresses an RF independent or Rr+ DC bias is suitably adopted so that it 
may become the domain whose bias voltage is -500-5 V. 

[OCil 7] By giving a plasma treatment to a substrate as mentioned abo\'e, a substrate can be made to be able to generate the initial 
nucleus ofa diamond ef[jcientlv with high density, and the substantial generation rate ofa diamond layer can be remarkably raised 
by this. 

[0018] In (he technique of this invention, although a diamond laver is made lo fonn in the substrate (plasma-treatment substrate) 
which perfoimed the aforementioned plasma treatment bv the wapor pha.se synthetic method, it is important that the ratio of an 
oxA'gen atom / carbon atom uses the raw material of the specific composition of the mixture of the gas which has composition ol 
0.33-2.0 preferably 0.3 or more or this gas, and hydrogen gas in th;it case. 

[00 1 9] It is good also as mixture which the ratio of an oxygen atom / carbon atom can mention the mixture of carbon inclusion 
compounds, such as a compound which consists of \ anous kinds of carbon and oxygen, or a hydrocarbon, and \ arious kinds ot 
o.xvgen inclusion compounds, such as oxygen and water, etc., may be an independent compound, and becomes from two or more 
sons of components as gas which has 0.3 or more composition here, the compound which consists of the aforementioned carbon 
and oxTgen here ****** the oxvgen inclusion h>'drocarbons of the \ arious kinds of the aforementioned instantiation for 
example, and CO and C02 etc. -- it can mention 

[0020] It is desirable to use also in these the mixture of the gas whose composition (atomic ratios 0/C) in the compound itself is 
0 3 or more, or this gas and hvdrogen gas as the aforementioned ra\\' material. When some desirable examples of the 
aforementioned raw material used for svnihesis of the diamond la> er by this gaseous-phase method are -shown, it is IT2 as an 
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iiccionc (O'C = nboLil 33 ) and t() / C= 1 ). iorc\anip!c Mixed iias. i.'nH:02 {2>0 ' C < i ). and H2 Mixed i^as. ihe mixed 
unr^ of methane -i-CO. and methane -rL02 Mixed gas eie can be lilusii nted, 

f(.')02 1 j ITtlie ratu^ t atomie raiiv>) ol' an oxvpen atom ■ carbon ati^m uses the mixture oi the gas whieh lias less ilian < > 3 
et^mposiiion. or this li.is and h\droL2en lxi^ as a raw materia! oi'a diamond lawr heie \\ beeomes impossible to |ut!\" decrease the 
content ofa non-diamvMid eomponeiTt eaiied graphite .ind Oi.C" (diamond-like eaibonaeeotrsi m the duimond hi\er to generate. It 
beeomes mipossibie to be unable lo obtain a desired onalit\ diamond }a\'er (diamond ), h-ut to ['ulb attain tlie purpose oj'ihis 
in\'ention. 

[0022] lor example, an eiln l methv] ketone and methane when atomic ratios ()/C use the mixture oldess than ' '.3 gas and 
livdrogen gas as a raw material like, the diamond ol'a high grade cannot be compounded 

[0023] Thus, about whv jt is obtained, the diamond, i.e.. the qualitv diamond layer, ol'a high grade, ifatomie ratios (.VC use the 
material gas w liich comes to mix 0.3 or more gas or this gas. and hvdrogen gas with hvdrogen gas. although there is al.so a point 
which is not necessnrilv clear, the follow mg grounds can mainly be considered. Name] v. since the initial nucleus generated on the 
substrate bv the aforementioned plasma treatment also contains the non-diamond component besides the diamond component, as 
for the diamond compounded on it. enslallinitx falls rellecting a substratum 1 lere. bv making an oxTgen atom contain in material 
eas at a tlxed rate, the etching reaction b\- the ox^ gen can be made to be able to compete, the non-diamond component in an initial 
nucleus can be eiiminnied. and. as a result, the puriiv ofa diamond or en stallinilv can be understood to be whtn can improve now 
remarkablv. 

(0024] In addition, in the technique of this invention, if svnlhesis (nameh\ Ibnnaiion ofa diamond laver) of the aforementioned 
diamond uses the aboxe-mentioned speeiile raw material, about other pomt.s^ ihei-c is espcciallv no limit and it can be perfonned 
like the svnlhesis method of the diamond by the conventional gaseous-phase method, or a diamond la^*er. 
[0025] For example, as a means to obtain the aforementioned materia] gas which excites material gas and contains the carbon ol 
an excitation state, technique better known than the fonnen such as a plasma C VD method, n spatter an ionization vacuum 
deposition, an ion beam vacuum deposition, the heat filament method, and a chemical transport, can be used, lor example. 
[0026] In using the describing ( aboxe ] plasma method, the aforementioned hvdrogen Ibnns a plasma bv inadiation ofa RV 
or microwave, and m using C VD, such as the aforementioned chemical transport and the heal filament method, the 
aforementioned hvdrogen fonns an atomic liN drogen bv heat or electric drscharge fhis atomic In drogen has the operation which 
rem(^\es the carbon (M'graphite structure separated smiultaneousi\- with a prccipitaiion ofa diamond. 
[0027] hi case of synthesis ofa diamond, inert gas can also be used as a earner of the aforementioned material gas. As an 
example of inert gas, argon gas, neon gas, gaseous helium, xenon gas, nitrogen gas, etc. are mentioned. 1 hese may be used by 
kind independent and may be used combining tw o or more sorts. 

[0028] In case of diamond svnlhesis, a reaction advances under the following conditions and diamonds separate on a base 
material, namelv, -- the case where a plasma CVD method is used, for example although it cannot generally determine, smce the 
temperature of the front face of the aforementioned ba.se material changes w Mh excitation meanses of the aforementioned material 
gas - usually room temperature - 1 ,200 degi-ees C is 450 degrees C - 1 . 1 00 degrees C preferably When this temperature is 
low-er than a room temperature, the rate of sedimentation ofa diamond mav hecome slow, or the carbon of an excitation state may 
not generate. On the other hand, when higher than 1 200 degrees C, the diamond deposited on the base material mav be shaved by 
etching, and the enhancement in a rate of sedimentation mav not be seen, reaction pressure - usually 10-3 - 103 toiT - it is 1 - 
SOOtoiT preferablv When reaction pressure is lower than 1 0-3ton\ the rate of sedimentation ofa diamond becomes sIow\ or a 
diamond slops separating. On the other hand, even if it makes it higher than 103 loir, the etiect equivalent to it is not acquired. A 
diamond layer can be suitably fomed on the predetemiined base-material side w hich can ied out the aforementioned negati\'e bias 
impression plasma treatment as mentioned abo\'e. 

[0029] It is [ that what is necessaiy is just to make into a suitable thickness suitably the thickness of the aforementioned diamond 
laver made to form according to the puipose of use etc. ] good to usually .select in the domain of 0.2- 100 micrometers in this 
meaning, although there is especially no limit. By fully not obtaining the covering effect by the diamond laver, if this thickness is 
too thin not much, on the other hand, when too not much thick, secession of sublation ofa diamond laver etc. may arise according 
lo a sen-'ice condiiion. In addition, when using it by severe conditions, such as a cutting tool, it is usually suitable to select this 
thickness in ihe domain of 0.5-50 micrometers. 

[0030] The diamond (namelv, quality diamond layer) ofa high grade can be made to foiTn etficienlly on various kinds of 
substrates by the technique of this inx eniion as mentioned abo\ e. Moreo\-er, according to this tccluiiquc, there is also no 
dispersion in a quality and diamond use products, such as a quality diamond fixed | a qualitv's J or a diamond co\ enng member, 
are obtained. furtheiTnore, mass-produciion-izing ofa diamond or its product is \ eiT ea.sy lor this technique - etc. - it also has 
the ad\antage and is remarkable advantageous technique industrially as a manufacture ofa diamond and various kinds of diamond 
use products 
[003 1 ] 

[F.xample] Hereafter, although the example and its example ofa comparison of this invention explain this imention more 
concretely, this invention is not limited to these examples. 

[0032] (Example 1 ) While substrate temperature was made into 900 degrees C, using n t>pe silicon wafer as a substrate, the 
voltage of - 1 OOv ofa direct cuireni was impressed to this substrate, and the substrate front face was processed for 5 hours by the 
plasma which introduced the mixed gas of methane 20sccm and hydi-ogen gas 50sccm in the reactor, set reactor internal pressure 
lo 20toiTS, iiTadiated the microwa\ e of output 350W^ and was generated as gas for processing. 
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[0033] Thus, ihc substraic which il processed ( stihslnne ] nnd mnde the inilini nucleus ol'n diamond oenei ;ile wns put on iho 
suscepior in a reactor, the mixed gas ol'cnrbon monoxide f 0 / C= i) lOsccm and hvdrogcn 90sccm was inirodiiced mto the 
reacioi' as material L?as. intemai pi essiire was made ai 4('*ions. siibsiraie lemperiiiiire was made into OOO dciziees L\ mieio\\a\*e 
wnh a liv^juene% ^'l" 2J?i '•l 1/ v\as nitrodiiced. aiid the sMiiiiciie reaciiiMi ^>i'ihe JiainiMu! ihii: nln: h\ ihe plasma !neihv)d was 

perfoixned Tor 4 liours 

|0t)34] Consequeiuix . die ilnekness v>rihe oiMained diannMid ihin film is 3 2 tmeiomeiers. aiKi \\w peak sii\>ni> auMinst i.333em- 1 
resuitinii iVom a diamond was seen as a resuh ot die Raman ana!\sis ol iliis dun I'dm. i hi!i'-\ aiuc \\ iddi is U)cm- 1 and lieneraiion 
of the diamond ofa high lirade was checked. 

[0035] (Example 2) As diamond synthetic-powder uas. outside which used the mixed i2as of acetone (O / L = (> 33) 5 seem and 
hvdrogen 95sccm was eairied ont like the example 1 . The thickness ofthe generated diamond thin film was 2.4 micrometers, nnd 
hall-wakie widtli of purity was high at ! 2cm - ! . 

[0036J (Example 3) As diamond svnthetie-powder gas. oiilside which used the mixed gas of methane 5scem and L'02 3scem was 
earned out hke the example I. The thickness ol the generated diamond thm lihn uas 2 0 nncromeiers. and hall-\ alue width o\ 
purity was high at ] lem-1 

1 0037] (Example I ofa comparison) As diamond svnlhetie-powder gas. outside winch used the mixed gas of methy I -ethvl-ketone 
(0 / C= 0.25) 5sccm nnd hvdrogen 95.secm was cairied out like the example 1 . As for half-\ alue width. 20em- i was not enough 
as purit}' ah hough the thickness ofthe generated diamond thin film was 2.8 micrometers. 

[0038] (Example 2 ofa comparison) As material gas, outside which used the mixed gas of methane (O / C= 0) 5seem and 
hydrogen 953ccm was earned out like the example I . The thickness was 1 .9 mieromeiers. and the peak of 1 .333em- 1 was \ en- 
weak and was dominant, f ofthe peak ofthe 1 350cm- 1 neighborhood which shows a non-diamond component ] 
[0039] 

[Effect of the Invention] After according to this invention having peiformed specific pretreatment called a negative bias 
impression plasma treatment to the substrate and making the initial nucleation ofa diamond generate with high densit}' on a 
substrate, On this substrate, the gas beyond the value of specialization [ the ratio (atomic ratio) of an o.\'^•gen atom / carbon atom ] 
Or since the specific technique of making a diamond (diamond layer) fomi bv the gaseous-phase method using the material gas of 
the specific composition ofthe mixture of this gas and hvdrogen gas is used ElTicient moreo\er. the quality diamond laver (that i.s, 
ciTStnlline good diamond ol"a high grade) with few uimecessan- impurities (non-diamond ct>mponent), such as graphite and DLC 
(diamond- iike carbonnceou.s), can be made to foim with suJficienl adhesK:>n on the field of \ arious kinds of substrates. The 
practically remarkable synthesis method of an advantageous diamond which has the adx nntage of being able to mass-produce 
easil}' a highly efficient diamond co\ ering member or the quality diamond w ith little dispersion in a quality can be offered. 



[Translation done.] 
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Japan Patent Office is not responsible • for any 
damages caused by the use of this translation. 

1 .This docunicm h;is !vcn t! .insliKCvl i-^v conipuior So ihc (r;insl;HK)n ni;!\ nni ivtkv; \\k- ^ :::!!:;!! pivv 
2.**** sho\vs ihc uoid which c;in nol be irimshiicJ. 
3 In the drawings. ;uiv w ords ni o noi iranshiied. 



CLAIMS 



[Clnim(s)] 

[Claim 1 ] rhe svnthesis method of the diamond chnractenzed bv lor ihc rano ol an owi^cn au^m / carbon aiom using as a raw 
material misture ofthc gas or this gas which has 0.3 or more composition, and hvdrogcn gas. and makmg a diamond Ibmi bv ihe 
gaseous-phase method on this substrate after nnpressing negative bias voltage to a substrate and processing with the plasma ol 
the mixed gns of a carbon inclusion compound or a cai bon inclusion compound, and hvdrogen. 



[Translation done ] 
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